The Industrialized Building System (IBS) was recently introduced to minimize the time and cost of project construction. Accordingly, ensuring the integration of the connection of precast components in IBS structures is an important factor that ensures stability of buildings subjected to dynamic loads from earthquakes, vehicles, and machineries. However, structural engineers still lack knowledge on the proper connection and detailed joints of IBS structure construction. Therefore, this study proposes a special precast concrete wall-to-wall connection system for dynamic loads that resists multidirectional imposed loads and reduces vibration effects (PI2014701723). This system is designed to connect two adjacent precast wall panels by using two steel U-shaped channels (i.e., male and female joints). During casting, each joint is adapted for incorporation into a respective wall panel after considering the following conditions: one side of the steel channel opens into the thickness face of the panel; a U-shaped rubber is implemented between the two channels to dissipate the vibration effect; and bolts and nuts are used to create an extension between the two U-shaped male and female steel channels. The developed fi nite element model of the precast wall is subjected to cyclic loads to evaluate the performance of the proposed connection during an imposed dynamic load. Connection performance is then compared with conventional connections based on the energy dissipation, stress, deformation, and concrete damage in the plastic range. The proposed precast connection is capable of exceeding the energy absorption of precast walls subjected to dynamic load, thereby improving its resistance behavior in all principal directions.
Introduction
The process of assembling precast elements into a structure is known as a precast system (Elliott, 2002; Elliott and Jolly, 2013) . Yee et al. (2011) reported that the Industrialized Building System (IBS) refers to the construction of a building using prefabricated structural components manufactured off-site either wholly or partly for assembly and installation at building sites. Rapid construction speed is one of the major advantages of prefabrication. Freedman (1999) and Gan (2008) stated that some benefi ts of precast wall panel systems are return on investment, better quality, timely erection, independence from weather conditions, elimination of scaffolding, and adaptability with a schedule. Precast concrete retains advantages and is effi cient despite the connection problems.
Connections in these systems are very important to ensure the structural integrity for transferring the loads between the elements. Consequently, easy connections are chosen to reduce material and labor expenses and to retain the fast construction pace. Investigations have indicated that the main hindrance to improving precast concrete is the integration of connections among components. Clough and Engineers (1986) and Seckin and Fu (1990) demonstrated are the insuffi ciency of continuity results in lesser rigidity in precast concrete buildings to cast in-situ buildings. Thus, ductility and redundancy should be deliberated in t he design process to diminish costs and ensure serviceability of precast concrete structures in seismic zones. Ong (2010) defi ned precast concrete connections as a joint that connects two or more precast components to achieve proper integrity for a full or partial prefabricated structural system. Precast connections are designed to withstand against loads while reliability and durability throughout its service life remain intact. Baur (1992) and Metta (1964) categorized the connections for precast concrete wall systems into several kinds. Field welding and a combination of bolting and welding are considered as two main categories of vertical joints (Shultz et al., 1994) . Different studies have investigated various connection types. Birkeland and Birkeland (1966) claimed that all potential failure planes should be crossed by steel to avoid damage, whereas planes in precast practice could be crossed either between elements or inside an element. Bruggeling and Huyghe (1991) proposed a classical method to transfer the load between precast elements by overlapping of loop-shaped bent bars through connections under tensile loads. Loop connections have been investigated by many researchers (Dragosavič et al., 1975; Joergensen and Hoang, 2013; Ong et al., 2006a Ong et al., , 2006b Ryu et al., 2007) . The loop connection transfers the stresses between the reinforcement and the concrete over a length shorter than required for straight bars, and as a result of that, the width of a connection joint is reduced.
Horizontal joints are addressed as weak links in a structural system at the fl oor level. Chakrabarti et al. (1988) found that stiffer horizontal joints as a result of normal pressure happened in comparison with vertical joints due to the self-weight and other superimposed loads at the wall panel. Frosch (1999) studied the connection of discrete concrete elements to one another, and showed that relative strength between the grout and panel concrete did have a signifi cant infl uence on particular peak capability and residual capability regardless of actual shear key settings (i.e., alignment and spacing). Pantelides et al. (2003) proposed the carbon fi berreinforced polymer (CFRP) composite connector for precast concrete elements with a loop connection that links precast concrete components in wall panels. The CFRP connector created by welded steel plates can resist shear forces generated by seismic loads in precast concrete structures. Bora et al. (2007) investigated the precast concrete shear wall system including all elements (i.e., roof diaphragm or top connection, compression or shear base connection, wall, and tension base connection) essential to transmit a lateral seismic force between the foundation and roof diaphragm. Chuang (2011) proposed the NMB splice sleeve system to connect the reinforcement of precast components in precast concrete structures. Various number of techniques for protecting structures subjected to dynamic and earthquake loads have been developed (Hejazi et al., 2009 (Hejazi et al., , 2011 . Khaloo and Parastesh (2003a, b) experimentally investigated connection behavior under cyclic inelastic loading and proposed a simple moment-resisting precast concrete beam column connection for highly seismic regions. The proposed precast connection exhibited a behavior that could match or exceed the moment-resisting performance of the monolithic connection. Many studies have been conducted on traditional cast in-situ reinforced concrete (RC) frame structures; however, few studies have been performed on the seismic behavior of precast concrete structures. Arulselvan and Subramanian (2008) and Ebrahimi et al. (2010) studied the connection joint behavior under earthquake loading, and found that the connection displayed critical resistance of lateral seismic reaction forces and also affected the global behavior of the entire structure. Bournas (Bournas et al., 2013) investigated the response of fl oor diaphragms and beam-column connections subjected to seismic forces. Parastesh (Parastesh et al., 2014) proposed a new ductile moment-resisting beam-column connection in precast RC frames subjected to severe seismic excitation. Biondini, Dal Lago, et al. (2012) studied the seismic behavior of the structural assembly for different degrees of interaction between the frame and panels equipped with dissipative connections. and investigated the proper connection design problem between the structural elements of a construction in a European research project. Biondini et al. (2013) and Vaghei et al. (2014) performed nonlinear static (pushover) and dynamic analyses under recorded and artifi cial earthquakes and highlighted the role of wall panel connections on the seismic behavior of structural assembly. Araújo et al. (2014) studied the connections that are intended to improve seismic resistance of precast shear walls by enhancing the transfer of lateral forces between connected panels and presented twelve connection details for precast shear walls, six for vertical joints, and six for horizontal joints.
Quality control, time, and cost savings are three signifi cant benefi ts of precast concrete components (e.g., walls) which result in systems that are in high demand in construction. The connections between precast wall panels play an important role; however, they are still disregarded or considered unsatisfactory. Therefore, this study developed a new precast wall to wall connection subjected to dynamic loads and vibration. The proposed connection also enhances the dynamic response of the IBS structure and provides better structural integrity between wall panels. A nonlinear fi nite element analysis was performed to investigate the effi ciency of the proposed system by comparing the performance of the proposed and loop connections under cyclic loading.
Current wall connections cannot resist against out-of-plane loading particularly in seismic zones. In general, the dynamic responses of these aforementioned connections indicated that they could not effectively mitigate earthquake effects as well as reduce seismic responses in buildings. Thus, the current wall to wall connections cannot dissipate the vibration effect on IBS structures. It is concluded that the common wall connection practices would not be able to be successfully utilized in IBS structures subjected to static and dynamic load.
Precast wall connections
Each structure, along with all its elements and connections, is considered an interdependent structural system. Each connection is not an isolated element, but rather part of an integrated system. An applied external load is distributed through the structural system to the foundation. The external load is supported through load paths that induce internal forces between the system elements through the connections. The IBS connection design considers the strength and serviceability of all materials that may be affected (e.g., concrete and steel).
Two types of wall connections (i.e., loop and proposed connections) have been thoroughly developed. The fi rst type is the "loop connection" used to construct the IBS structure. The second type is a newly proposed connection that improves the strength and energy absorption of precast concrete wall panel connections (Vaghei et al., 2016) .
Loop connection
Details on the loop connection are shown in Fig. 3 . The model is composed of two concrete wall panels, a concrete reinforcing welded mesh (BRC), hooks, main middle bar, and in-situ concrete. The loop connection is provided with anchor bars or loops from reinforcing bars anchored by grouting to the recesses and cores. The joint is fi lled with joint concrete or grout.
The loop connection is used between concrete wall panels that require continuity. However, production can be diffi cult because of the projecting bars. Generally, loop connections for precast walls in IBS buildings are designed based on numerical and experimental studies to resist static axial force in plane compression. Moreover, the loop connection cannot provide suffi cient strength for other degrees of freedom (DOFs) (e.g., out-of-plane . Hence, the structural components cannot fulfi ll the required integrity for resisting lateral dynamic loading in all directions when a loop connection is used. Most of the existing connections are also highly dependent on the skill of workers, who need to set the costly and time-consuming connections. In this study, a new connection for precast walls was developed to address the connection problems and to provide suffi cient strength for wall joints in all directions (i.e., six DOFs). Time and cost are the two main parameters in setting and fabricating connections. The proposed connection aims to improve the desired integrity of the structural components in any direction and protect the structures against multi-support excitations. This study developed a new connection for precast walls to compensate for the connection problems and provide suffi cient strength for wall joints in all directions [i.e., six DOFs)]. Time and cost are the two main parameters in setting and fabricating connections. The proposed connection aims to improve the desired integrity of structural components in any direction and protect the structures against multisupport excitations.
Proposed connection
The proposed connection is composed of male and female panels and channels, rubber, BRC reinforcements, hooks, screws, and nuts. The parts of the proposed connection, reinforcement, and loop location are shown in Fig. 4 .
The multidirectional resistances of the proposed connection are designed according to 6 DOF. The The applied force in the x direction (i.e., fi rst DOF) and in the steel channel web and rubber part, which is used as the axial stiffness area of the connection, is depicted in Fig. 5 . The rubber between the two steel channels helps dissipate the energy in the tension and compression base connections and keeps the structure response in the safe zone away from the cyclic dynamic load. Tension forces are resisted by bolts that connect the male and female steel channels.
Translational y direction
The force that acts in the y direction (i.e., second DOF) and in the shear stiffness area of the channel is illustrated in Fig. 6 . The shear stiffness area of the channel is composed of bolts that transfer the loads to the steel channels and act as the main resistant area. The rubber does not have a signifi cant effect on shear resistance in the y axis. 2.2.3 Translational z direction Fig. 7 shows the load action along the z direction (i.e., 3rd DOF) and in the shear stiffness area of the connection. The shear stiffness area of the connection is composed of fl anges of steel channels and rubber as parts of the connection. The rubber contributes to vibration dissipation enabling the structure channels to act as structural components that transfer shear loads from one panel to another.
Rotation about the x direction
The moment acting about the x direction (i.e., fourth DOF) and in the bending moment stiffness area of the connection is illustrated in Fig. 8 . Aside from the steel channels and rubber, the bending moment stiffness area of the connection is made up of bolts that act as vital resistant elements. Most of the components can withstand the imposed loads (e.g., static and dynamic).
Rotation about the y direction
The applied load about the y axis (i.e., fi fth DOF) in the proposed connection is illustrated in Fig. 9 . The applied load is considered to be the torsion moment in the connection. Although the connection tends to rotate about the y axis, the functionality of the proposed connection controls structure response to displacement, velocity, and acceleration, all of which may be induced during earthquakes.
Rotation about the z direction
The bending moment about the z axis (i.e., sixth DOF) is considered to be an in-plane bending moment for the connection (Fig. 10 ). The components of the proposed connection (i.e., bolts, steel channels, and rubber) can resist the applied moment.
Rigid connections may be subjected to unforeseen stresses because of volume changes, which could result in failure of connections. An alternative to a rigid connection is to relieve stress by allowing movement (i.e., fl exibility). Flexibility is achieved in various ways. For example, bearing pads that support structural components offer stress relief. Moreover, low-friction materials allow a component to slip to accommodate movement. Connections are "softened" by utilizing slotted holes in bolted connections, where the bolt is suffi ciently tightened to hold the component in place and the slot allows the component to move with minimal restraint. In contrast, movement is restricted if the connection is tightly bolted against the end of the slot, which must be avoided. Hence, this study employed slotted holes because of their ductility and energy dissipation functionalities that can be attributed to the rubber placed between the two U-shaped steel channels. 
Proposed connection
As previously described, the proposed connection is composed of precast wall panels, male and female steel channels, bolts, and nuts. All these parts are defi ned and modeled using the FEM method.
Concrete wall panel
In this study, a 1200-mm-tall and 600-mm-wide panel is used as the precast RC wall (Fig. 11) . The concrete wall panels are created as solid parts. A ridge at the end of the male panel is constructed to facilitate interlocking with the female panel.
BRC
Two layers of BRC-A7 mesh with a distance of 65 mm from center to center are used for each concrete wall panel. The BRC measures 7 mm in diameter, while the horizontal and vertical bars in each mesh are located 200 mm from center to center (Fig. 12) . 3.1.3 U-shaped steel channel (female and male channels) and rubber The drawing schedule of the proposed connection is shown in Fig. 11(a) . The values are illustrated in Table 1 . The three holes on the fl anges of the two U-shaped steel channels (i.e., female and male) and the rubber are considered. The cross-sections of the two U-shaped steel channels and of the rubber are shown in Figs. 11(b) , (c), and (d), respectively. The fl ange and web thickness of the components are both 8 mm. These components are created as solid parts using the ABAQUS software. The hooks are welded to the male and female channels before panel concreting. For the proposed connection, the U-shaped steel channels with welded hooks are embedded in the concrete panel.
Hooks
The steel channels are attached to precast concrete panels using three steel hooks welded to the steel channel and embedded in the wall panels. The hooks are welded to the channels before undergoing the channel molding and panel concreting processes. The location and dimensions of each 12-mm-diameter hook are provided in Fig. 14. 
Screw and nut
Screws and nuts are used to integrate the different parts of the proposed connection and to fasten the male and female channels with the rubber. The diameter of the bolts and nuts is 12 mm, whereas that of the hole in the steel channels and rubber is 14 mm. Following the structured technique, the screw and nut are created as solid parts using the FEM software. The dimension details are shown in Fig. 15 .
Components in the loop connection
The concrete wall shape and dimension in the loop connection are similar to those of the female panel. The hooks in the loop connection and U-shaped steel channels with welded hooks are embedded in the concrete panel. The dimensions of the concrete wall panels, hooks, and middle concrete in the loop connection are shown in Fig. 16 .
A 12-mm-diameter longitudinal bar is passed through the hooks. The middle in-situ concrete is then cast to complete the connection. 
Property of the materials
The properties of all materials used in this study are described as follows: 3.3.1 Steel properties Steel properties of steel are also defi ned for both connections. These properties and stress-strain relationship for steel are presented in Table 2 . The plastic behavior of steel is assumed to be linear.
Concrete properties
Both connections had a concrete grade of B50, whereas the mass density of concrete is 2400 kg/m 3 . The plastic behavior of concrete is modeled based on the concrete damage plasticity (CDP) thorium. The material parameters are shown in Table 3 .
Rubber properties
Rubber is used between the male and female channels in the proposed connection. This component is modeled as a hyper-elastic material. Three types of test data are introduced to model rubber behavior (Table 4 ). The rubber mass density is assumed to be 1200 kg/m 3 . However, the rubber part should be checked or replaced every 15 years due to the impact of aging. The replacement process is simple due to the design of the proposed connection.
Interactions

Loop connections interactions
A surface-to-surface interaction occurs between the concrete wall panels and middle in-situ concrete in the loop connection. The embedded constraint is also considered for all reinforcements. 
Proposed connection interactions
A surface-to-surface interaction takes place in the contact surface of the rubber with steel channels in the proposed connection. This surface-to-surface interaction is considered for the outer bolt and inner hole surfaces in the steel channels, rubber, and concrete. The male and female channels are tied and constrained with concrete male and female panels to bind them to each other. The inner and outer surfaces of the nuts and bolts are tied to each other.
Load and boundary conditions
The proposed connection is designed to resist multidirectional dynamic loads. Hence, the behavior of the proposed connection is evaluated for the applied load in all three translational DOFs. The position of the loads and boundary conditions are defi ned based on each DOF. The panel situations are simulated as close as possible to situations in real buildings. Fixed boundary condition is chosen as the type of boundary condition for all DOFs. All movements in the three directions are restricted except for the location of the fi xed boundary condition, which is based on the considered DOF. The bottom of the two panels is fi xed in the fi rst DOF. Under cyclic loading, the load is applied as a uniformly distributed load to the lateral face of one panel. The boundary condition and loading location of the fi rst DOF with a displacement in the x direction (U x ) for the loop and the proposed connections are shown in Fig. 17 .
The load is distributed uniformly from the top of one panel in the second DOF with a displacement in the y direction (U y ). The boundary condition and loading location for the common and proposed connections are illustrated in Fig. 18 .
The boundary condition and loading location of the third DOF with a displacement in the z direction (U z ) for the common and proposed connections are illustrated in Fig. 19 . The strip load width is equal to the panel width. The load is also uniformly distributed.
Load magnitude, time or frequency, and cyclic loading amplitude are presented in Table 5 . The cyclic loading plot and relationship of the time-load factor are shown in Fig. 20 and Fig. 21, respectively. 
Meshing
The structured technique is employed to assume the element type for meshing and create connection parts using the ABAQUS software.
The reinforcements in the loop and the proposed connections are modeled as wires. Hence, the two-node linear beam element type in space is deemed suitable for meshing. The meshing of reinforcement parts in the software is shown in Fig. 22 . Concrete parts, steel channels, rubber, bolts, and nuts are modeled as solid parts. An eight-node linear brick element type with reduced integration is used for meshing (Fig. 23) .
The holes in the fl anges of the steel channels and rubber are separated by a partition. These parts are meshed using the sweep technique, while the web is meshed following the structured technique. The eightnode linear brick element type with reduced integration is also used for meshing (see Fig. 24 ).
The bolts and nuts are meshed following the sweep method as shown in Fig. 25 element type with reduced integration is also employed. This study attempted to develop a realistic 3D FEM model to assess the effectiveness of the proposed connection against imposed loads on the RC frame structures. Consequently, the nonlinear 3D cyclic and static analyses of precast walls and connections are performed.
Assembling process of proposed connection
Assembling of the proposed connection at a construction site is facilitated through tying the male and female channel with bolts and nuts without the need for concrete in-situ, which is time consuming. The process of assembling the precast wall with the proposed connection at a construction site is described as follows:
(1) Set reference line and offset line to determine the position of the precast wall (2) Lift and locate the female panel to its designated position using wire ropes or crane (3) Adjust the female panel to the position and connect to the adjacent column and beams by nuts and bolts (4) Lift and rig the male panel to its designed location using the wire ropes or crane (5) Adjust the male panel to the position and connect to the adjacent column and beams by nuts and bolts (6) Interlock the female steel channel to the male steel channel using bolt and nuts.
This type of connection can be placed in either horizontal or vertical joints. They are a standard dimension of precast concrete wall panels. The requirement of integrity between the horizontal joint of the walls can be met by vertical loop bars; however, it is preferred to use beams for the horizontal joint at the intersection of each story level. To use the proposed connection for horizontal joints, female channels are installed to the fl oor, and walls with male channels can easily be installed in position by using bolts and nuts.
Results and discussion
Inelastic cyclic analysis is conducted to investigate the effect of lateral displacements on the response of precast wall-to-wall connections. Three key features (maximum principal stresses, deformation, and absolute plastic strain) of concrete panels and steel reinforcements are investigated for both connection types to determine the effects of incremental lateral movements.
The loop and proposed connection models in the IBS are constructed based on an accurate representation of the material behaviors of concrete and reinforcing steel. The stress-strain controlling states are examined to identify the main parameters (e.g., contact element in the connection interfaces) that infl uence the hysteretic behavior of each critical region. These connection interfaces include those between in-situ and precast concrete walls in the loop connection and those between steel channels and rubber in the proposed connection. Figure 27 shows the hysteresis curve for the top node of the right wall panel when cyclic loading is applied horizontally to the fi rst wall according to the fi rst DOF as shown in Fig. 17 . The plots clearly show that the absolute maximum loads in the loop and proposed connections are 600 kN and 700 kN, respectively. The reduction associated with displacement is about 45%, which is similar to the strength trend. The applied load is also the same for both connections.
In-plane horizontal direction (fi rst DOF)
A noticeable reduction can be observed in the hysteretic energy for the loop and proposed connections. The 127.4% improvement in energy dissipation is caused by fl exibility, which is attributed to the rubber in the proposed connection. Figure 28 indicates that the maximum principal stress of the BRC reinforcements in the proposed connection was 6.2% higher than that in the loop connection (i.e., 257.4 MPa). Accordingly, the concrete panel of the proposed connection reached 34.24 MPa, which is 12% lower than that in the concrete stress of the loop connection. Both connection types exhibit nonlinear behavior in the plastic range.
The deformations of the concrete panels and BRC reinforcements in the loop connection are shown in Fig. 29 . The maximum deformation in the proposed connection under cyclic loading indicates an increase of almost 75%.
The crack propagations in both connection types are also compared. The damage in tension is presented in Fig. 30 . As expected, the concrete damage in the tension, which represents the cracks, propagated in the panels of both connection types. Noteworthy enhancements in tension damage occur in the form of wide cracks in the proposed connection. Thus, this connection type is more effi cient than the loop connection because it utilizes the entire system capacity for load transfer. No evidence of compression damage is observed, which may result in the crushing of both connection types.
In-plane vertical direction (second DOF)
The load-displacement curve is shown as a hysteresis graph in Fig. 31 . This curve is derived for the right wall panel under cyclic loads applied to the left wall panel in the second DOF (Fig. 18) . The absolute maximum load in the loop connection is 101.6 kN, whereas that in the proposed connection is 34% lower. Unlike the maximum load, the maximum displacement in the proposed connection is almost 10 times greater than the corresponding value in the loop connection. The energy dissipation in the proposed connection is noticeably higher than in the loop connection (Fig. 31 ) because of the function of the rubber during vibration. Figure 32 shows that the maximum principal concrete stress in the proposed connection is 2.5 times greater than that in the loop connection. The values for the reinforcement and steel channels increase by 48.5% (i.e., 288.7 MPa) and are achieved in the proposed connection.
The deformation contour in both the common and proposed connections displays similar displacement distributions on the left panels. Displacement is disregarded only on the right panel of the loop connection (Fig. 33) . The total displacement in the proposed connection is three times higher than in the loop connection because the former is fl exible in the second DOF.
The crack propagation observed in both connections is illustrated in Fig. 34 . As expected, most of the cracks in the proposed connection are located near the bolt holes, whereas the cracks in the loop connection occurred at the top right corner.
Out-of-plane horizontal direction (third DOF)
The load-displacement curves for the wall panel equipped with a loop connection and proposed connection are shown in Fig. 35 . The absolute maximum loads carried by both connections are 22.5 kN and 89.64 kN, respectively. The displacement is improved by about 3.5 times, which is similar to the strength trend. Both strength reduction and displacement enhancement directly affect the amount of dissipated energy.
A huge discrepancy in hysteretic energy is observed between the two connection types. The energy dissipation in the proposed connection is almost 15 times greater than that in the loop connection. This improvement results from the performance of rubber, which considerably affects the amount of energy dissipated by increasing the displacement and ultimate strength.
The discrepancies in the maximum principal stress of both connection types are shown in Fig. 36 . The stress in the proposed connection is almost fi ve times greater than that in the loop connection. Both the steel reinforcement and channels reach the yield.
The deformations of the concrete panels in both connection types are illustrated in Fig. 37 . The deformation in the proposed connection is about seven times greater than that in the loop connection. connection is not strong enough to resist the applied load in the considered DOF because of its low fl exibility. The proposed connection exhibits more effi cient performance than the loop connection because a wide range of panels resist the imposed loads (Fig. 38) . The rubber in the proposed connection also acts as the main energy dissipater.
The proposed connection is more capable of resisting higher loads in different directions because of the higher energy dissipative mechanism provided by the rubber and other functionalities of the connection. When subjected to induced loads, the average dissipated energy of the proposed connection in all three directions is almost 10 times greater than that of the loop connection. The proposed connection is almost three times more fl exible than the loop connection, particularly in the out-of-plane direction. Concrete damage in the form of crack propagation occurs in all three directions of the proposed connection. However, this damage occurs only in particular positions of the loop connection. The proposed connection utilizes the whole connection capacity and correlated well with precast walls because of its high contribution in energy dissipation. Accordingly, the cracks are propagated and not concentrated at certain points only. Based on the damage results, the loop and proposed connections are assumed to have brittle and ductile failure modes, respectively. The proposed connection is also proper for various joint positions, reduces time to assembly, eliminates dependency on skilled labor and speeds up the construction process.
Validation of fi nite element models
Validation of fi nite element models has been carried out by comparison of the loop connection specimen subjected to lateral load with the experimental test that was conducted by Rossley et al. (2014) as shown in Fig. 39 . The dimensions of the specimen are similar to those shown in Fig. 16 . Material properties of the steel are indicated in Table 6 , and a concrete grade of 30 Mpa was utilized.
With respect to the results obtained and summarized in Table 7 , it can be observed that the maximum shear stress and maximum lateral displacement values of the experimental test and fi nite element model have a good agreement.
The concrete damage plasticity model which was proposed by Tiwari et al. (2015) and Jankowiak and Lodygowski (2005) for concrete strength class of 30 MPa is incorporated in the FE analysis. Note that in Tiwari's assumption, the concrete connection fails either when the damage in tension reaches 0.82 or the concrete exceeds the maximum compressive stress. Figure 41 (a) shows the concrete damage in the experimental test and Fig. 41 (b) and (c) indicate the concrete damage in compression and tension, respectively. The results show a good correlation between these two approaches.
The quick crack formation and the severe bond deterioration were observed at the bottom layer of the connection around 0.65 kN/mm 2 . As the pictures depict, concrete crushing and cracking occur near the support and in the vicinity of the connection zone and then propagate throughout the panel.
Conclusion
This study proposes a new connection for precast walls subjected to cyclic loading. The performance of the loop and proposed connections are compared to verify the effi ciency, high resistance function, and proper action of the proposed connection against a multidirectional dynamic force. Finite element analysis is also performed to investigate the high energy dissipation function of the proposed connection.
The results show that strength reduction and displacement improvement found in cyclic loading analysis have a direct effect on the amount of dissipated energy contained within the load-displacement curve. The proposed connection is highly fl exible, and the rubber could effectively dissipate the energy. Hence, the average maximum displacement of the loop connection is almost 10 times less than that of the proposed connection.
Hysteresis analysis reveals that the ability of the loop connection to dissipate energy is considerably less than that of the proposed connection. The energy dissipation ability of the conventional connection is improved by 127% for the fi rst DOF. Such noteworthy enhancement is also observed in the second and third DOFs, where the ability of the proposed connection to dissipate energy is about 14 and 15 times greater than that of the loop connection.
The proposed connection utilizes the entire connection capacity and has favorable correlation with precast walls because of its signifi cant contribution to energy dissipation. Thus, the cracks are propagated throughout the panel and not concentrated only at certain points. The damage results indicate that the loop and proposed connections could have brittle and ductile failure modes.
